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Abstract. Cr2O3/sepiolite samples with different loadings have been synthesized from 
corresponding nitrate salts at constant pH conditions and characterized by several physical 
methods including X-ray diffraction, TEM, nitrogen physisorption, and TGA, etc. The as-
prepared materials have large surface area, high distribution of Cr2O3 nanoxides on the 
nanofibrous sepiolite. The prepared solids were used as heterogeneous catalysts for the oxidation 
of benzyl alcohol with t-BuOOH. Chromium oxides were found to be active sites for the liquid 
oxidation of benzyl alcohol to aldehyde. The catalytic activity varied with reaction time and 
temperature. The appropriate temperature is about 60-70 
o
C with conversion of 40-60 % and 
benzaldehyde selectivity of 90 %. 
Keywords: benzyl alcohol, sepiolite, fiber, benzaldehyde, Cr2O3. 
Classification numbers: 2.5.1; 2.6.1; 2.10.1. 
1. INTRODUCTION 
The oxidation of alcoholic compounds to carbonyls was known as an important reaction in 
organic synthesis due to its oxidation products are widely applied in the synthesis of fine 
chemicals [1, 2]. Conventionally, large amounts of heavy transition metal salts, metal oxides, 
and peracids are used in the oxidation reaction of organic compounds. As a consequence, these 
methods always create a huge amount of heavy metal wastes that further violate with 
environmental regulations [2, 3]. This makes researchers seek alternative procedures using metal 
oxide catalysts and more benign stoichiometric oxidants. In general, the heterogeneous catalysts 
have been mainly prepared from the transition metals, but their structure stability, heterogeneity 
and recyclability are still major problems [1, 4-6]. More recently, group VIB transition metal 
ions become more attractive for the oxidation reactions since they often exhibit a very high 
selectivity to desired oxygenated products at milder reaction conditions [2, 5-7]. Among of the 
VIB metal oxides supported-catalysts, Cr-containing solids have been commonly used over the 
last 20 years. In practical, various oxidative reaction of organic compounds performed by 
reduction-oxidation Cr-molecular sieves [8], especially by chromium-exchanged zeolite [2,9] 
 
 
Nguyen Tien Thao,
 
Nguyen Thi Nhu, Ngo Thi Thuan  
296 
have been currently investigated. In experimental, Cr-ZSM-5 prepared from HZSM-5 using the 
exchangeable method has been applied in the oxidation of benzyl alcohol with t-BuOOH [9]. 
Thus, the chromium is still great potential applicability in the development of oxidation reaction 
catalysts. 
The present study is to deal with the distribution of Cr2O3 particles over sepiolite which 
was known as a fibrous clay mineral with peculiar surface properties [10]. Indeed, sepiolite is 
constructed of magnesium silicate fibers. A block is composed of an octahedral Mg-OH layer 
intercalating between two tetrahedrally structured SiO4 planes. Each one of the Mg
2+
 cations at 
the edges of the octahedral sheets bound to two molecules of water [10, 11]. Therefore, Cr2O3 
nanoxides dispersed on high surface area magnesium silicate are expected to exhibit an excellent 
catalytic activity in the liquid oxidation of aromatic alcohols.  
2. EXPERIMENTAL METHODS 
2.1. Catalyst preparation 
Sepiolite obtained from Aldrich was used as the supporting materials. To prepare each 
sample, 4.0 grams of sepiolite were dispersed in 100 mL of aqueous chromium(III) nitrate 
(Sigma-Aldrich, 99 %) solution with a desired quantity of chromium(III) oxide. Afterwards, the 
solution was mixed with a given amount of sodium hydroxide solution under vigorous stirring. 
The suspension mixture kept stirring for 2 h in ambient condition prior to be filtered. The filtrate 
was removed while filter cake was washed via distilled water. The cake was then kept in an oven 
at 80 
o
C for 24 h prior to calcine at 410 
o
C for 2 h (samples subjected to TGA/DrTGA 
experiments were not calcined). 
2.2. Catalyst characterization 
Phase structure of the powdered specimens was investigated by X-ray diffraction (XRD) 
patterns on a D8 Advance-Bruker (CuKα, λ = 0.1549 nm). DTA/TGA experiments were 
performed using a DTA/ DSC/TGA Labsys Evo S60/58988 (Setaram). Brunauer-Emmett-Teller 
(BET) surface area of the as-synthesized sample was analyzed on an Autochem II 2920 (USA). 
TEM micrographs of the solids were recorded on a Japan Jeol. Jem.1010 instrument. 
2.3. Catalytic oxidation of benzyl alcohol 
Oxidation reaction between benzyl alcohol and t-BuOOH solution was performed in a 100 
mL three-necked glass flask equipped for an iced-water condenser. In brief, a mixture of benzyl 
alcohol (3 mL) and powdered catalyst (0.20 grams) was stirred in flask reactor and heated to the 
desired temperature. Afterwards, a determined volume of t-butyl hydrogen peroxide (70%, 
Sigma Aldrich) was introduced into the mixture. After a period of time, the flask reactor was 
cooled to room temperature. Then, the catalyst was removed from reaction mixture via 
centrifugation step. The obtained liquid phase was quantitatively determined by using a GC-MS 
(HP-6890 Plus) with a capillary column (5 %-phenyl)-methylpolysiloxane  HP-5, 30 m ×               
0.32 μm × 1 μm  and oven temperature programmed from 35 (5 min) to 210 °C (5 
min) 5 °C/min. Injection: 0.2 µL. 
3. RESULTS AND DISCUSSION 
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3.1. Characterization of the as-prepared catalysts 
The catalyst phase and structure are investigated by XRD method. Figure 1 presents three 
XRD patterns of sepiolite and Cr2O3 loaded samples. As seen in Figure 1, a set of reflection 
signals at 2-theta of 7.30, 20.58, 23.78, 26.73, 35.06, 40.09
o
 are corresponding to reflections of 
the magnesium silicate (Joint Committee on Powder Diffraction Standards: 01-075-1597) [10, 
11]. The signal-to-noise of the sepiolite loading Cr2O3 sample is slightly higher as compared 
with that of the raw sepiolite, indicating a lower crystalline degree of the Cr-containing catalysts. 
This characteristic may possibly be related to the thermal treatment of the as-synthesized 
catalysts which usually lead to the removal of adsorbed water molecules and structural 
modification of the supporting material [10, 12]. In the XRD patterns of Cr2O3/sepiolite, Figure 
1 appears some weak reflection peaks at 2-theta of 24.78, 32.82 and 54.59◦ corresponding to the 
signals of Cr2O3 crystalline domains (Joint Committee on Powder Diffraction Standards: 00-
038-1479) [13]. 
 
Figure 1. XRD patterns for Cr2O3 /sepiolite catalysts and sepiolite. 
 
Figure 2. TGA and DrTGA curves of the as-synthesized Cr2O3/sepiolite catalysts prior to                      
calcination at 410 
o
C. 
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TGA/DrTGA patterns of two Cr2O3/sepiolite catalysts are shown in Figure 2. It is 
interesting to note that the DrTGA analysis reveals some endothermic processes. The first 
temperature signal is between room temperature and 200
o
C which is ascribed to the elimination 
of adsorbed and some zeolitic water. The weight loss in this range is about 11.62 and 12.40 % 
for 14.6 and 20.4 wt% Cr2O3/sepiolite catalyst, respectively; that is in good agreement with the 
literature reports [11, 14, 15]. The weight loss (5.31 - 6.84 %) in the second temperature range of 
200-475 
o
C is essentially associated with the liberation of coordinated water and the dehydration 
of chromium hydroxides [12, 15]. In the third temperature range of 475-800 
o
C, the weight loss 
of 3.52-4.36 % is associated with the elimination of the last part of the coordinated water in the 
tunnels of sepiolite blocks, the dehydroxylation of sepiolite anhydride, and the reaction between 
chromium oxide and Mg-O-Si sepiolite [10, 15].  
        
Figure 3. Nitrogen absorption-desorption isotherms (A) and TEM image (B) of                                                   
20.4 wt% Cr2O3/sepiolite catalyst. 
Figure 3A depicts nitrogen adsorption/desorption isothermal profiles while Fig. 3B shows a 
TEM image of 20.4 wt% Cr2O3/sepiolite. Firstly, the isothermal profiles of the two samples are 
slightly slanted towards the right in the relative pressure range of 0 - 0.85. Furthermore, a steep 
hysteresis loop appears in the relative pressure window of 0.85 – 1.0. These isotherms of the 
samples are likely in good agreement with the type II in the IUPAC classification, indicating that 
the existence of some micropores and slit-shaped open pores [10, 14]. Indeed, the H3 type- 
hysteresis was known as typical characteristics for formation of tubular pores in the solids. The 
specific surface area of such material is about 192 m
2
/g [11, 16]. Secondly, TEM image reveals 
that the 20.4 wt% Cr2O3/sepiolite is composed of nanofibers. Each fiber has a length of some 
microns and a diameter of 170-200 nm. The arrangement of these nanofibers makes the sample 
more porosity and better uniformity. 
3.2. Catalytic studies 
The oxidation reaction of benzyl alcohol was carried out at atmospheric pressure. For 
comparison, the first experimental reaction was done in the absence of catalyst, but no benzyl 
alcohol conversion was observed. A second experiment was performed on sepiolite support only 
B 
 
B 
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and about 1-2 % conversion of benzyl alcohol is monitored. When the catalyst has Cr2O3 
component, the conversion of benzyl alcohol increases sharply from 2 to 23 % and the oxidation 
reaction is very selective for the formation of benzaldehyde although a small amount of benzoic 
acid byproduct is simultaneously produced s as represented in Scheme 1 [5, 7, 17, 18]. Figure 4 
shows a remarkably increased conversion of benzyl alcohol from 20 to 52% with increasing 
reaction time. It is worth noting that both Cr-containing samples present similar trends in 
conversion versus reaction time, confirming the systematic property of all catalysts. Among the 
two Cr-based samples, 20.4 wt% Cr2O3/sepiolite gives a better benzyl alcohol conversion than 
the other Cr-sample (Fig. 4A). In both the experimental series (Fig. 4), benzaldehyde selectivity 
is always a better value (88-95 %) as compared with the data reported in the literature [19-21]. 
This may suggest that Cr2O3 was highly dispersed on fibrous magnesium silicate and chromium 
oxide component is a key factor to ensure high selectivity to product. In addition, uniform 
channel-like pore geometry of the sepiolite material should promote diffusion processes of 
reactants and products during the reaction [5, 9, 19].  
 
CH2OH CHO COOH
Cr2O3/sepiolite
BuOOHt
 
Scheme 1. Oxidation of benzyl alcohol to benzaldehyde and benzoic acid. 
 
Figure 4. Relationship between conversion (A), product selectivity (B) and oxidation reaction time over 
Cr2O3/sepiolite catalysts (60 
o
C, C6H5CH2OH/TBHB = 1/1.5). 
The selectivity to benzaldehyde exhibits a minor decrease after 6 reaction hour-on-time 
possibly due to the production of an amount of benzoic acid in the product mixture. This is 
possibly explained by the overoxidation of benzaldehyde product to benzoic acid as kept for a 
long time in the bath reactor [1, 20]. Since an increased reaction time have negative effects on 
the product selectivity, changing in reaction temperature may raise remarkably substrate 
conversion. Figure 5 displays the relationship between catalytic activity and reaction 
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temperature. It is observed that the conversion increases linearly with increasing reaction 
temperature. However, a relative quantity of benzoic acid byproduct is formed at elevated 
temperatures. Figure 5 also reveals that benzoic acid may be yielded through the deep oxidation 
reaction of benzaldehyde [17, 20].  
 
Figure 5.  Correlation between temperature on substrate conversion and product distribution over                 
20.4 wt.% Cr2O3/sepiolite (4 h, C6H5CH2OH/TBHB = 1/1.5). 
In practice, it was generally observed that the oxidation of benzyl alcohol happens in a 
series of continuous conversion steps form benzaldehyde to benzoic acid, benzyl benzoate [7, 9, 
23]. Raising up reaction temperature would promote some deep oxidation of benzyl alcohol to 
carboxylic and its derivatives because the activation energy for the oxidation of aldehyde to 
carboxylic acid, in general, is higher than that of alcohol to aldehyde [5, 19, 20]. Thus, the most 
suitable reaction temperature for the transformation between benzyl alcohol to benzaldehyde in 
the present work was found at 60-70 
o
C. 
4. CONCLUSIONS 
Two chromium oxide/sepiolite catalysts with different Cr2O3 loadings synthesized by 
precipitation route had finely dispersed Cr2O3 particles on the magnesium silicate. The prepared 
materials possessed high surface area and porosity and were used as catalysts for the oxidation 
reaction between C6H5CH2OH and t-BuOOH at milder conditions. The catalyst exhibited a good 
activity in conversion of benzyl alcohol to benzaldehyde. In present experimental conditions, 
Cr2O3 component was rather active for the selective oxidation of benzyl alcohol into 
benzaldehyde. The alcohol conversion approached 40-60 % with the benzaldehyde selectivity of 
86%. The substrate conversion and product selectivity were found to vary with on reaction time, 
temperature. 
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